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A B S T R A C T
Integrated management of multiple economic sectors is a central tenet of blue growth and socially optimal use of
ocean-based natural resources, but the mechanisms of implementation remain poorly understood. In this review,
we explore the challenges and opportunities of multi-sector management. We describe the roles of key existing
sectors (ﬁsheries, transportation, and oﬀshore hydrocarbon) and emerging sectors (aquaculture, tourism, and
seabed mining) and the likely synergistic and antagonistic inter-sector interactions. We then review methods to
help characterize and quantify interactions and decision-support tools to help managers balance and optimize
around interactions.
1. Introduction
The ocean is a rich source of both renewable and nonrenewable
natural resources, which have provided numerous economic, social,
and cultural beneﬁts throughout history and aﬀord great opportunities
for future provision of beneﬁts [1,2]. These beneﬁts are often realized
through economic sectors, of which the overall number and total ac-
tivity has increased over the last 50 years [3]. Growth in ocean-based
economic sectors has come from improved access to, utilization of, and
production eﬃciency from oceanic natural resources [4,5]. At the same
time, use of oceanic resources has led to conﬂicts between sectors (e.g.
tourism vs. oﬀshore hydrocarbon extraction), at diﬀerent levels of or-
ganization (e.g. between individuals, groups, and nations), at multiple
spatial scales (e.g. in local waterways, regional seas, or global oceans),
and across time (e.g. between current and future uses). Continued
economic growth from the oceans is likely to lead to more cross-sector
conﬂicts and the potential for environmental destruction, sub-optimal
natural resource use, and other socially undesirable outcomes [6].
The history of modern ocean governance and management has been
one of increasing complexity, with managers traditionally focusing on
individual economic sectors and moving towards integrated systems
with multi-sector coordination [7]. Recently, there has been a push for
ecosystem-based management (EBM) of coasts and oceans [8]. EBM is a
framework through which management eﬀorts are structured around a
single place or ecosystem, with the health and productivity of that
ecosystem or group of ecosystems as the nucleus of management. The
activity of economic sectors and other human uses are regulated to
balance their impacts on the health of ecosystems [9–11]. While current
management is largely fragmented, with most sectors managed by in-
dividual laws, agencies, or regulatory regimes [12,13], there are calls
for integrated, cross-sectoral management approaches to achieve EBM
[e.g. 14,15].
Cross-sector management is complicated by the dynamic nature of
the ocean, which is constantly changing over a range of spatial and
temporal scales [e.g. 16]. Climate change and natural variability are
directly modifying the ocean through increased sea surface tempera-
tures, higher acidity, and changes to other attributes of physical and
chemical oceanography. These changes can lead to melting sea ice, sea
level rise, and altered ecosystems (e.g. changes in species abundance
and biodiversity) that ultimately aﬀect the ability of humans to derive
beneﬁts from the ocean, with both positive and negative impacts on
human access to resources and beneﬁts [17]. In addition to acknowl-
edging linkages between sectors, management must be dynamic and
adaptive, allowing single sector and multi-sector management
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frameworks to respond in near real time to changing environmental,
economic, and social conditions [18].
Reﬂecting these challenges, the concept of blue growth as a “long
term strategy to support sustainable growth in the marine and maritime
sectors as a whole” was recently adopted by the European Commission
[19]. The concept has been increasingly used as a strategy for achieving
both sustainable marine resource use and economic expansion around
the globe [20]. But the initial visioning reports addressing the concept
do not detail how to operationalize blue growth [21,22]. A critical, but
little studied, component of attaining the goals of blue growth is a
multi-sector approach to management, including identifying and opti-
mizing cross-sector interactions [21]. A key obstacle to multi-sector
management is a lack of information on how sectors interact with each
other and how changes in one sector aﬀect the incentives and actions of
others. Here, we review cross-sector interactions within the ocean
economy and the decision support tools that are available to help
manage these interactions.
2. Economic sectors
There is a diversity of economic sectors involved in the ocean
economy, and classiﬁcation of sectors varies by country and region
[23–25]. An economic enterprise is considered to be an ocean-based
economic sector if it exhibits one or more of three characteristics–being
physically located in the ocean, using ocean resources as an input to
production, or directly outputting goods or services to the ocean [23].
This review does not include the multitude of possible sectors and sub-
sectors due to space limitations. Instead, to highlight the challenges and
opportunities presented by inter-sector interactions, we review several
key sectors that are recognized as focal areas for blue growth: aqua-
culture, wind and wave power, seabed mining, and tourism, as well as
several traditional ocean sectors: ﬁsheries, transport, and oﬀshore hy-
drocarbons (Table 1). The inputs to each sector, including the required
ocean resources, are compared (Table 2), as these are often sources of
interactions between sectors. Costs that are frequently external to the
market price of the sector's products (i.e. not reﬂected in the market
price) are also listed, as these can often be used to determine the nature
of non-neutral interactions between sectors.
2.1. Blue growth sectors
Aquaculture, wind and wave power, seabed mining, and tourism are
recognized as emerging economic sectors and blue growth focal areas
by the European Union [22]. Coastal and oﬀshore aquaculture involves
the farming of aquatic organisms (including plants, shellﬁsh, and ﬁn-
ﬁsh) in coastal waters and the open ocean. The majority of farmed
seafood is currently produced on land [26], but coastal and oﬀshore
aquaculture production are likely to increase as technology improves
and the cost of farming on land increases [27]. Costs that are often
external to aquaculture include: pollution of water by feces, uneaten
feed, and chemicals; destruction of local habitats to build aquaculture
infrastructure or by pollution; transmission of diseases and parasites to
wild ﬂora and fauna; and escaped farmed organisms that can compete
or interbreed with wild organisms [27,28].
Wind and wave power are ocean-based renewable energy produc-
tion sectors. Oﬀshore wind farms use turbines to generate electricity
from wind [29] and wave energy operations use a range of techniques
to convert wave energy into electricity [30]. Oﬀshore wind accounted
for a quarter of the EU's wind power in 2015, and the sector is expected
to expand rapidly, especially in Chinese waters [31], as technology
improves to move wind farms farther oﬀshore [32]. Wave energy
converters can be located at the surface, in the water column, or on the
seaﬂoor and can surge, heave, pitch, or oscillate to convert wave energy
[30,33]. Wave energy production is expected to increase dramatically
by 2050, but it will likely remain a smaller player relative to oﬀshore
wind [34].
The environmental impacts of oﬀshore wind and wave power are
often external to the market price of energy. The environmental impacts
of oﬀshore windfarms occur mostly during construction of the platform
and at highly local scales thereafter. Further, platforms can act as a ﬁsh
aggregating device, while noise and electromagnetic ﬁelds can deter
marine mammals [35]. Turbines can cause disturbances for or mortality
to local and migratory birds [35]. The negative environmental impacts
of wave energy that are often not included in the price include dis-
turbance or harm to nearby ecosystems through noise, vibrations,
electromagnetism, biofouling, sedimentation, disruption of animal mi-
grations, and functioning as an artiﬁcial habitat or ﬁsh aggregating
device [36].
Seabed mining involves extraction of minerals from the ocean ﬂoor
[37]. Increased demand for metals and rare-earth elements and tech-
nological developments have improved the economic viability of
mining the deep seabed [38]. Mining has been proposed on abyssal
plains, on seamounts, and near hydrothermal vents [39]. Most seabed
mining is currently focused on near-shore, shallow water areas, but
technology is improving to allow experimental deep seabed mining
operations in the near future [38]. The environmental costs that are
Table 1
Classiﬁcation of primary ocean economic sectors as either extractive or non-extractive and reliant on living or non-living resources [based on 23,24]. Shaded sectors are included in this
review and sectors recognized as blue growth focal areas by the European Union are starred (*).
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likely external to the price of mined materials are expected to occur
predominately on the seaﬂoor and around drill sites due to removal of
substrate and sedimentation from both drilling and returned sea water.
But environmental impacts can occur at any step in the production
process due to accidental events and natural hazards [40], and potential
impacts include physio-chemical changes, biological changes, and po-
tentially compounding eﬀects of cumulative changes to surrounding
ecosystems [40,41].
Marine and coastal tourism involves recreational activities focused
on the marine or coastal zone [see 42 for a discussion of the typologies
of marine tourism]. Both the number of types of and the overall demand
for coastal and marine based tourism have grown over the last several
decades and are expected to continue to increase [43,44]. Tourism can
be both consumptive of ocean resources (e.g. sport ﬁshing) and non-
consumptive (e.g. whale watching). Environmental impacts caused by
tourism can include habitat loss, habitat damage, wildlife depletion,
and wildlife disturbance [45]. Evaluation of the non-point source pol-
lution impacts of tourism (e.g. ecological harm from sunscreen use
[46]) is increasingly important as tourism becomes more diﬀuse and
widespread.
2.2. Sectors not included in the blue growth agenda
Fisheries, oﬀshore hydrocarbon production, and transportation are
robust ocean economic sectors that have not been included in the
European Union blue growth agenda. Fisheries describe the capture of
aquatic biological resources, including plants, shellﬁsh, and ﬁnﬁsh.
Globally, ﬁsh catches peaked in the 1990's and have plateaued or de-
creased since [26,47]. Many ﬁsheries are depleted or experiencing
overﬁshing [48], and there is substantial potential to increase both
yields and proﬁts through rebuilding of depleted stocks [49,50]. At the
same time, revenues from global ﬁsheries are expected to decrease by
approximately 10% between 2000 and 2050 due to climate change
[51]. Fishing externalities can include depletion of the population being
ﬁshed, depletion of other species that are ecologically linked to the
target species, and damage to habitats or ecosystems through direct
contact with ﬁshing gear, discharge from vessels, or discharge from at-
sea processing plants [52].
Oﬀshore hydrocarbon production describes the extraction of crude
oil and natural gas from below the seaﬂoor. Oﬀshore oil and gas pro-
duction began in the 1960s and 70s [53] and now encompasses about
1/3 of global oil production [54]. Oﬀshore expansion is expected to
continue, especially with technological developments that allow for
production in increasingly deeper waters (below 200 m) [53,55]. Costs
that are often external to the price of hydrocarbons are primarily the
result of contamination of surrounding waters with extracted oil or gas.
Contamination can occur during routine operation of oﬀshore facilities
during multiple phases, including exploration, development, produc-
tion, transport, or well-abandonment [56]. Eﬄuent from oil production
can have long-term negative impacts on oceanic ecosystems and future
provision of ocean resources [57].
The marine transportation sector uses vessels (e.g. container ships,
bulk carriers, tankers, and ferries) to move people and goods from one
location to another across oceanic and coastal waterbodies [58]. Be-
tween 1992 and 2012 there was a fourfold increase in global ship traﬃc
[59], and over 80% of current global trade volume is shipped via sea
[60]. Further, marine transportation volumes are expected to increase
with future economic growth [60]. Costs that are external to the price
of shipping typically include environmental impacts and subsidies.
Shipping can harm the environment through discharges at sea (e.g. oil,
wastewater, paints, ballast water, and marine liter), airborne emissions
(e.g. engine exhaust, refrigerants, and other volatile chemicals), noise,
and shipwrecks or scrapping [as reviewed in 58]. Of particular concern
for ocean ecosystems is discharge of ballast water, which can contain
pathogens and non-native and potentially invasive species [61,62].
3. Interactions
Ocean economic sectors increasingly utilize adjacent or overlapping
ocean spaces and share inputs to production. As such, interactions be-
tween sectors will become increasingly common and potentially alter
the private and social proﬁtability of enterprises and sectors. Below we
review the types of interactions between sectors and their context de-
pendencies.
3.1. Types of interactions between sectors
To categorize cross-sector interactions, we use concepts from eco-
logical theory (Fig. 1). Synergistic interactions include mutualism,
where all sectors beneﬁt from an interaction, and commensalism, where
one sector beneﬁts but the other is unchanged. Antagonistic interac-
tions include amensalism, where one sector is harmed and the other is
neither improved nor harmed, antagonism, where one sector is harmed
while the other beneﬁts, and competition, where all sectors are harmed
[63–66]. Below are examples of each type of interaction and how they
can aﬀect the proﬁtability of an enterprise or sector by altering the
dynamics of the input costs or output price associated with production.
Interactions between sectors that aﬀect inputs to production are
most common. For example, mutualistic inter-sector interactions can be
found in the co-development of oﬀshore structures to accommodate the
activities of multiple sectors [67,68]. If a wind installation and aqua-
culture operation share mooring equipment, they both beneﬁt from
Table 2
Production inputs and outputs to speciﬁc ocean-based economic sectors. Inputs shared by individual sectors can increase the likelihood of inter-sector interactions.
Inputs Fisheries Aquaculture Oﬀshore hydrocarbons Wind and wave power Seabed mining Tourism Transportation
Ocean space - surface x x x x x x x
Ocean space - midwater x
Ocean space - benthic x x x x x
Biological resources x x x
Aesthetic resources x
Physical resource x x x x
Labor x x x x x x x
Fuel x x x x x x x
Port infrastructure x x x x x x
Other infrastructure x x x
Vessels x x x x x x x
Chemicals x x
Output Seafood Seafood Hydrocarbons Energy Minerals Recreation Transportation
Fig. 1. Typology of interactions between economic sectors. Red interactions are antag-
onistic and green are synergistic.
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reduced infrastructure costs. Further, there may also be reduced fuel
and labor costs due to opportunities for sharing crew and equipment
transportation [69–71]. Similarly, industries that rely on ports as an
input to production (e.g. tourism and transportation, Table 2) can share
facilities and reduce overall input costs. Commensality can be seen in
the development of surﬁng and ﬁshing based tourism around wave
power structures. Tourism beneﬁts through provision or enhancement
of a biological or physical resource (ﬁsh or waves), while wave energy
enterprises are unaﬀected by the presence of surfers and ﬁshermen
[72]. An example of amensalism can be found when oﬀshore hydro-
carbon operations are sited near tourism locations. Tourism operations
may see their access to aesthetic resources diminished, as customer
enjoyment may be reduced by the sight of hydrocarbon structures, but
the hydrocarbon operation may be unimpacted [73]. Antagonism can
be found when seabed mining is located on seamounts or other prime
ﬁshing zones, excluding ﬁshermen from access to the area [39,74]. An
example of competition can be found when other economic sectors are
located in shipping lanes. Both the transportation sector and the other
sector are prone to additional risks of collision with shipping vessels
and added safety costs [75].
Interactions between sectors that aﬀect outputs of production are
less common but can also inﬂuence the overall proﬁtability of an en-
terprise. Output interactions are largely the result of changes in per-
ception by diﬀerent market actors that result in increased or diminished
demand for a good and, as a result, a change in price. A mutualistic
interaction can be found when two industries (e.g. tourism and aqua-
culture) are sited in close proximity and enhance each other's reputa-
tion, leading to product diﬀerentiation and increases in the price of
both. For example, if an eco-tourism enterprise operates near an
aquaculture operation that markets itself as a sustainable farm, both
enterprises may see an increase in their demand and price due to added
publicity. The interaction is commensalism if only one of the prices
increases (e.g. the eco-tourism operation successfully diﬀerentiates its
product and the price increases, but the price of the seafood produced
by the aquaculture operation remains the same).
Similarly, antagonistic interactions can aﬀect production outputs.
An example of amensalism can be seen in the aftermath of a marine oil
spill, when ﬁsheries and aquaculture products from the region are ne-
gatively impacted by contaminants in oil. Negative public perception of
seafood from the region can reduce demand and lower prices, even after
the seafood has been cleared as safe for human consumption by reg-
ulatory bodies [76]. An example of an antagonistic interaction can be
found in the marketplace between ﬁshery and aquaculture products.
Fishery trade organizations often try to market their products as being
diﬀerent than and superior to farmed products, potentially altering
demand to increase the price of wild products and diminish the price of
aquaculture products [77].
3.2. Context-dependency of interactions between sectors
Characterizing and anticipating interactions between sectors is
complicated because the nature, intensity, and probability of an
interaction may be context dependent in how it aﬀects inputs and
outputs of production. For example, when ﬁshing is allowed in close
proximity to an aquaculture operation, the interaction can lead to
mutualistic eﬀects on inputs, where the aquaculture operation acts as a
ﬁsh aggregating device, increasing the catchability of ﬁsh and sub-
sequent proﬁts for ﬁshermen [28]. And at the same time, ﬁshermen can
act as sentinels for the farm and monitor and report operational pro-
blems such as theft, vandalism, or equipment malfunctions [78]. But
the co-location of ﬁsheries and aquaculture can also lead to com-
mensalism if the ﬁshermen do not have a close or working relationship
with the farm and do not provide helpful monitoring [79]. Further, if
the relationship between the ﬁshermen and the farm is unfriendly, the
interaction can be antagonistic if ﬁshermen actively impede farm pro-
duction through vandalism or other types of interference [80].
Context can also produce opposite interactions. For example, the
development of marine wind farms near tourist areas can result in
commensalism when tourists view wind farms positively and see them
as providing an aesthetic resource or recreational beneﬁt at no expense
to the wind farm [81–83]. If the public perception of wind farms is
negative, the interaction can result in amensalism, where the aesthetic
resource is diminished. A similarly dynamic relationship can be found
between wave farms and surﬁng tourism and ﬁsheries [72,84,85].
4. Quantiﬁcation and decision-support tools for managing
interactions between sectors
Managing the interactions between ocean economic sectors is a
critical component of blue growth. The ﬁrst challenge is for interactions
to be identiﬁed and quantiﬁed. Second, decision-support tools and
frameworks can help society and policy makers manage interactions
given broader economic and social goals. In this section, we review
several tools that are currently available to evaluate and balance in-
teractions between sectors (Fig. 2).
4.1. Tools to characterize and quantify interactions
A diversity of tools is available to help stakeholders and policy
makers characterize and quantify the nature of interactions between
sectors. To achieve management goals around interactions, it is im-
portant to understand the type of interaction (as described in Section
3.1), the context-dependency of the interaction (as described in Section
3.2), and the possible options to mitigate or enhance interactions.
Ecosystem Services (ESs) are one important method for evaluating the
nature and value of interactions between sectors. ESs describe the range
of beneﬁts humans derive from ecosystems and natural capital stocks
[86] and are broadly deﬁned as being either supporting, provisioning,
regulating, or cultural services [87]. Assessment and valuation of the
change in ESs associated with interactions between sectors can help
characterize and anticipate interactions between sectors, both at pre-
sent and in the future. Ecological assessments, market valuation, and
non-market valuation can all be used to evaluate tradeoﬀs and changes
in ESs associated with inter-sector interactions.
Fig. 2. Schematic of inter-sector interactions (a tourist coastline, ﬁshing trawler, oil platform, and coastal freighter in Brazil), methods available to identify and characterize potential
interactions, and decision support tools that can help stakeholders and policy makers realize wise use of ocean-based natural resources and blue growth. (Photo: Colourbox.com).
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4.1.1. Ecological assessment
Ecological assessments can help determine the characteristics and
value of interactions between sectors by establishing a baseline of ESs,
natural resources, or ecosystems, and then comparing stocks before and
after interactions [88,89]. Indicators of marine ecosystem health, ESs,
and natural resource stocks can be measured by increasingly sophisti-
cated sensors placed on living animals, vessels, stationary or mobile
platforms, and satellites [18,90]. Sensors can also be networked to
transmit and share data in real time, employing an underwater “in-
ternet of things” to expand monitoring capacity [91]. Data from in-
terconnected sensors can then be synthesized and made accessible to
decision and policy makers in real time to increase the speed and eﬃ-
ciency of ecosystem health evaluation and management [92]. While
assessments of the stocks and ﬂows surrounding ESs, natural resources,
and ecosystems are useful for determining the characteristics and value
of interactions, they do not provide context as to the larger social and
economic value of the interaction [88].
4.1.2. Market valuation
Markets are mechanisms through which consumers and producers
express willingness to pay (demand) for and willingness to produce
(supply) a particular good or service. In a competitive market, the
equilibrium point between demand and supply reveals a market equi-
librium price for the good being traded, resulting in the optimal allo-
cation of scarce resources. If an interaction between sectors impacts a
good or a service that is traded, the value of the interaction can be
quantiﬁed with the market price method, based on the demand and
supply curves in question, as well as the equilibrium market price. If,
for example, a ﬁsh harvest that is traded in markets is aﬀected by oﬀ-
shore wind power generation, the market price method will demon-
strate the net economic beneﬁt and thus the net welfare impact of si-
multaneously harvesting stock and generating electricity. The market
price method is only applicable in cases where the goods or services in
question are traded in markets. As many ecosystem goods and services
are not traded, the market price method is unable to reveal total value
derived from a particular ecosystem or aﬀected by interactions. As a
result, non-market evaluation is routinely applied.
4.1.3. Non-market valuation
When a good is not traded and therefore does not have a clear
market price or if the market price does not encapsulate the full social
value, non-market valuation techniques can be utilized to help quantify
the likely changes in private and social value associated with an in-
teraction between sectors. Non-market valuation techniques are con-
sidered to be either revealed preference or stated preference approaches
[for reviews of non-market valuation techniques, see 93–95]. Revealed
preference approaches (e.g. hedonic price, travel cost methods, as well
as avoided and replacement costs) are helpful in determining the po-
tential change in economic welfare based on the use-value of non-
market goods. Stated preference approaches (e.g. contingent evaluation
and choice modeling) are helpful in determining economic welfare
associated with both use and non-use values of non-market goods.
Complementing market valuation methods with non-market valuation
methods can help attain the “total economic value” or the full economic
welfare impacts of interactions between sectors. For example, if oﬀ-
shore wind generation is expected to impact coastal tourism in a par-
ticular area, non-market evaluation can be used to reveal the welfare
changes associated with changes in willingness to pay for recreation in
the aﬀected area and the economic value of the potential environmental
impacts of both wind generation and the expected changes in tourism.
4.2. Decision support tools to help societies manage cross-sector interactions
Once interactions have been characterized and quantiﬁed, they can
be compared and managed with tools such as marine spatial planning,
tradeoﬀ analysis, and cost-beneﬁt analysis. Additionally, complex and
adaptive systems and heuristic approaches can ensure that management
is adaptable and dynamic in the face of changing environments,
economies, and societies. Balancing the costs and beneﬁts of interac-
tions can help policy makers and society optimize around interactions
to harness the desired beneﬁts of ocean-based natural resources.
4.2.1. Marine spatial planning and cross-sector tradeoﬀs
Marine spatial planning (MSP) is broadly deﬁned as a set of tools
used to delineate human use of coasts and oceans. These tools span
numerous forms, from Geographic Information Systems used to map
out the distribution of important quantities (e.g. ﬁsh habitat, oil re-
servoirs, or shipping lanes) to the design of governance institutions that
greatly impact the behavior of humans located in or near marine sys-
tems. For example, marine protected areas (MPAs) are areas of the
ocean that are oﬀ-limits to ﬁshing, and their design revolves around
questions of the size, shape, and location of protected areas. MSP,
through improved management and MPA design, has been instrumental
in preserving marine biodiversity and has been adopted in many places
around the globe [96]. To date, 14.9 million km2 of the world's oceans
have some form of protection, guarding marine organisms against nu-
merous perturbations [97]. But MPA design is just one example of
marine spatial planning.
Many MSP endeavors focus on a single economic sector. In contrast,
the cutting edge of MSP is now spatial optimization over multiple
sectors. For example, White et al. identiﬁed locations where oﬀshore
wind-turbines could be placed to maximize both energy production and
marine conservation [98]. A key step in this methodology was to de-
velop a bioeconomic model with which to describe the inherent tra-
deoﬀs between wind energy production and the biological eﬀects of
oﬀshore turbines. These kinds of tradeoﬀs can be quantiﬁed empirically
(see Section 4.1), and several optimization tools can then be used to
map out where diﬀerent industrial sectors might be located in order to
maximize aggregate measures of success (e.g. cross-sector proﬁt). Cross-
sector management is a logical extension of the two-sector optimization
seen in White et al. [98]. There has been some criticism that MSP can
result in an overvaluation of integrated use relative to environmental
protection and that conducting a full tradeoﬀ analysis can be prohibi-
tively expensive [99], but quantifying the inherent tradeoﬀs between
sectors is central to being able to optimize spatially across sectors and
achieve blue growth.
4.2.2. Cost-beneﬁt analysis
Cost-beneﬁt analysis (CBA), where the economic costs and beneﬁts
of the production of goods and services are compared to determine the
expected net economic value of diﬀerent choices, can be a valuable tool
for evaluating the tradeoﬀs associated with interactions between sec-
tors. In CBA, all the economic costs and beneﬁts associated with the
activities of a particular sector are assessed. For a sector to contribute to
blue growth, the beneﬁts must outweigh the costs. The costs and ben-
eﬁts accounted for in a full CBA include both costs and beneﬁts that are
derived from use and non-use values, revealing the Net Present Value of
the activities in question. For example, oﬀshore power generation
produces economic beneﬁts in the form of electricity that is sold in
markets and economic costs that are based on both market and non-
market values. Costs assessed using market valuation include, for ex-
ample, the direct costs of building and operating the power generation
units. Costs assessed using non-market valuation include the potential
negative environmental costs of the activity, the negative impact on
other economic sectors that generate non-market value, as well as im-
plications for the existence value of the ecosystems in question.
There are several disadvantages to using CBA in the context of blue
growth. First, the assessment of the value of non-market goods is only
an approximation, as practitioners are often valuing the “priceless”.
Second, if an action provides “net” economic beneﬁts, CBA assumes
that an activity should go forward even if it may cause signiﬁcant en-
vironmental harm, evoking weak sustainability. This means that CBA
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rests on the assumption that any market or non-market good can be
traded for another one. Third, in CBA the choice of the appropriate
discount rate when assessing the present value of future beneﬁts and
costs has been a source of debate for years. In the context of economic
beneﬁts or costs associated with changes in environmental quality, the
choice of a high discount rate has been criticized as it can create an
unreasonable imbalance between the present and the future [100–102].
4.2.3. Complex and adaptive systems and heuristic approaches to
governance
Marine economic systems often contain numerous competing sec-
tors, each comprised of heterogeneous actors. In such cases, it may be
impossible to characterize and quantify all the diﬀerent interactions
and subsequent tradeoﬀs between sectors. As a result, marine systems
as a whole might respond in unexpected and potentially negative ways
to management actions targeting any one sector. However, there is an
opportunity to learn from other complex adaptive systems in the use of
“heuristic” approaches to cross-sector management. For example, the
vertebrate immune system provides the human body–a complex and
adaptive system–resilience to a number of known and unknown per-
turbations [103]. It has three major properties. First, the vertebrate
immune system has early warning signals of any problem. Second, there
is a generalized response to all perturbations, which buys the body time
to develop an adaptive response and a specialized solution to the pro-
blem. Finally, immune systems are polycentric in nature: there is no
central controller directing how the body responds to perturbation.
Responses are dispersed and decentralized, giving the body faster re-
sponse times to perturbation. Ocean governance institutions that mimic
these properties will help create resilient coastal communities, steering
marine systems away from catastrophic states and towards ones that
more closely align with the concept of blue growth.
5. Summary
As the global exploitation of ocean-based natural resources expands
through an increasing number and diversity of economic actors, inter-
actions between sectors are increasingly likely. Integrated, multi-sector
management is required if the beneﬁts of interactions are to be har-
nessed and potential pitfalls avoided. We present a typology of inter-
actions and review the state-of-the-art methods for characterizing and
quantifying cross-sector interactions. Further, we highlight tools and
frameworks for balancing costs and beneﬁts of interactions with other
facets of natural resource use. Many of the methods and tools discussed
here have yet to be widely adopted by national and international policy
makers and managers. The cost of not acting to optimize cross-sector
interactions includes the lost opportunities of optimal natural resource
use and the potential for costly litigation as conﬂicts between sectors
increase [e.g. 78]. We believe it is imperative that cross-sector inter-
actions are identiﬁed and incorporated into governance frameworks.
Doing so will greatly improve the chances of realizing blue growth.
Acknowledgements
This work is a deliverable of the project Green Growth Based on
Marine Resources: Ecological and Socio-Economic Constraints
(GreenMAR), which is funded by Nordforsk. We would also like to
acknowledge the National Science Foundation grant GEO-1211972.
References
[1] P. Hallwood, Economics of the Ocean: Rights, Rents, and Resources, Routledge,
2014.
[2] R. Costanza, The ecological, economic, and social importance of the oceans, Ecol.
Econ. 31 (2) (1999) 199–213.
[3] T.A. Stojanovic, C.J.Q. Farmer, The development of world oceans & coasts and
concepts of sustainability, Mar. Policy 42 (2013) 157–165.
[4] L. Paine, The Sea and Civilization: A Maritime History of the World, Alfred A
Knopf, New York, 2013.
[5] OECD, The ocean economy in 2030, OECD Publishing, Paris, p. 251.
[6] D.J. McCauley, M.L. Pinsky, S.R. Palumbi, J.A. Estes, F.H. Joyce, R.R. Warner,
Marine defaunation: animal loss in the global ocean, Science 347 (6219) (2015).
[7] U.S. Commission on Ocean Policy, An Ocean Blueprint for the 21st Century, 2004.
[8] E.K. Pikitch, C. Santora, E.A. Babcock, A. Bakun, R. Bonﬁl, D.O. Conover,
P. Dayton, P. Doukakis, D. Fluharty, B. Heneman, E.D. Houde, J. Link,
P.A. Livingston, M. Mangel, M.K. McAllister, J. Pope, K.J. Sainsbury, Ecosystem-
based ﬁshery management, Science 305 (5682) (2004) 346–347.
[9] H.M. Leslie, K.L. McLeod, Confronting the challenges of implementing marine
ecosystem-based management, Front. Ecol. Environ. 5 (10) (2007) 540–548.
[10] R.D. Long, A. Charles, R.L. Stephenson, Key principles of marine ecosystem-based
management, Mar. Policy 57 (2015) 53–60.
[11] K. McLeod, H. Leslie, Ecosystem-Based Management of the Oceans, Island Press,
2009, p. 392.
[12] M. Salomon, M. Dross, Challenges in cross-sectoral marine protection in Europe,
Mar. Policy 42 (2013) 142–149.
[13] J. Vince, Integrated policy approaches and policy failure: the case of Australia's
oceans policy, Policy Sci. 48 (2) (2015) 159–180.
[14] L.B. Crowder, G. Osherenko, O.R. Young, S. Airamé, E.A. Norse, N. Baron,
J.C. Day, F. Douvere, C.N. Ehler, B.S. Halpern, S.J. Langdon, K.L. McLeod,
J.C. Ogden, R.E. Peach, A.A. Rosenberg, J.A. Wilson, Resolving mismatches in U.S.
ocean governance, Science 313 (5787) (2006) 617–618.
[15] G. Wright, Marine governance in an industrialised ocean: a case study of the
emerging marine renewable energy industry, Mar. Policy 52 (2015) 77–84.
[16] S. Niiranen, A. Richter, T. Blenckner, L.C. Stige, M. Valman, A.M. Eikeset, Global
connectivity and cross-scale interactions create uncertainty for Blue Growth of
Arctic ﬁsheries, Marine Policy (This issue).
[17] S.C. Doney, M. Ruckelshaus, J. Emmett Duﬀy, J.P. Barry, F. Chan, C.A. English,
H.M. Galindo, J.M. Grebmeier, A.B. Hollowed, N. Knowlton, J. Polovina,
N.N. Rabalais, W.J. Sydeman, L.D. Talley, Climate change impacts on marine
ecosystems, Annu. Rev. Mar. Sci. 4 (1) (2011) 11–37.
[18] S.M. Maxwell, E.L. Hazen, R.L. Lewison, D.C. Dunn, H. Bailey, S.J. Bograd,
D.K. Briscoe, S. Fossette, A.J. Hobday, M. Bennett, S. Benson, M.R. Caldwell,
D.P. Costa, H. Dewar, T. Eguchi, L. Hazen, S. Kohin, T. Sippel, L.B. Crowder,
Dynamic ocean management: Deﬁning and conceptualizing real-time management
of the ocean, Mar. Policy 58 (2015) 42–50.
[19] European Commission, Memo: Blue Growth strategy to create growth and jobs in
the marine and maritime sectors gets further backing, 〈http://europa.eu/rapid/
press-release_MEMO-13-615_en.htm〉, Brussels., 2013.
[20] B.C. Howard, Blue growth: Stakeholder perspectives, Marine Policy (This issue).
[21] European Commission, Blue Growth: Scenarios and drivers for sustainable growth
from the oceans, seas and coasts, European Commission, DG MARE, 2012, p. 202.
[22] European Commission, Blue Growth: Oportunities for marine and maratime sus-
tainable growth, Luxembourg, 2012, p. 13.
[23] D.S. Park, J.T. Kildow, Rebuilding the classiﬁcation system of the ocean economy,
J. Ocean Coast. Econ. 2014 (2014) 1–37.
[24] J.C. Surís-Regueiro, M.D. Garza-Gil, M.M. Varela-Lafuente, Marine economy: a
proposal for its deﬁnition in the European Union, Mar. Policy 42 (0) (2013)
111–124.
[25] W.L. Song, G.S. He, A. McIlgorm, From behind the Great Wall: the development of
statistics on the marine economy in China, Mar. Policy 39 (2013) 120–127.
[26] FAO, State of World Fisheries and Aquaculture 2016: Contributing to food security
and nutrition for all, Food and Agriculture Organization of the United Nations,
Rome, 2016, p. 200.
[27] D. Klinger, R. Naylor, Searching for solutions in aquaculture: charting a sustain-
able course, Annu. Rev. Environ. Resour. 37 (2012) 247–276.
[28] M. Holmer, Environmental issues of ﬁsh farming in oﬀshore waters: perspectives,
concerns and research needs, Aquac. Environ. Interact. 1 (1) (2010) (57-50).
[29] M. Strach-Sonsalla, M. Stammler, J. Wenske, J. Jonkman, F. Vorpahl, Oﬀshore
Wind Energy, in: M.R. Dhanak, N.I. Xiros (Eds.), Springer Handbook of Ocean
Engineering, Springer International Publishing, Cham, 2016, pp. 1267–1286.
[30] A. Ilyas, S.A.R. Kashif, M.A. Saqib, M.M. Asad, Wave electrical energy systems:
implementation, challenges and environmental issues, Renew. Sustain. Energy
Rev. 40 (2014) 260–268.
[31] GWEC, Global wind report: Annual market update 2015, Global Wind Energy
Council, 2016, p. 73.
[32] S.F. González, V. Diaz-Casas, Present and Future of Floating Oﬀshore Wind, in:
L. Castro-Santos, V. Diaz-Casas (Eds.), Floating Oﬀshore Wind Farms, Springer
International Publishing, 2016, pp. 1–22.
[33] A.Fd.O. Falcão, Wave energy utilization: a review of the technologies, Renew.
Sustain. Energy Rev. 14 (3) (2010) 899–918.
[34] International Energy Agency, Medium-term renewable energy market report 2016,
International Energy Agency, p. 282.
[35] K. Dai, A. Bergot, C. Liang, W.-N. Xiang, Z. Huang, Environmental issues asso-
ciated with wind energy–a review, Renew. Energy 75 (2015) 911–921.
[36] O. Langhamer, K. Haikonen, J. Sundberg, Wave power—sustainable energy or
environmentally costly? A review with special emphasis on linear wave energy
converters, Renew. Sustain. Energy Rev. 14 (4) (2010) 1329–1335.
[37] C.L. Van Dover, Tighten regulations on deep-sea mining, Nature 470 (7332)
(2011) 31–33.
[38] L.M. Wedding, S.M. Reiter, C.R. Smith, K.M. Gjerde, J.N. Kittinger,
A.M. Friedlander, S.D. Gaines, M.R. Clark, A.M. Thurnherr, S.M. Hardy,
L.B. Crowder, Managing mining of the deep seabed, Science 349 (6244) (2015)
144–145.
[39] E. Ramirez-Llodra, P.A. Tyler, M.C. Baker, O.A. Bergstad, M.R. Clark, E. Escobar,
L.A. Levin, L. Menot, A.A. Rowden, C.R. Smith, C.L. Van Dover, Man and the last
great wilderness: human impact on the deep sea, PLoS ONE 6 (8) (2011) e22588.
[40] P.C. Collins, P. Croot, J. Carlsson, A. Colaço, A. Grehan, K. Hyeong, R. Kennedy,
C. Mohn, S. Smith, H. Yamamoto, A. Rowden, A primer for the Environmental
Impact Assessment of mining at seaﬂoor massive sulﬁde deposits, Mar. Policy 42
D.H. Klinger et al. Marine Policy 87 (2018) 356–362
361
(2013) 198–209.
[41] C.L. Van Dover, Impacts of anthropogenic disturbances at deep-sea hydrothermal
vent ecosystems: a review, Mar. Environ. Res. 102 (2014) 59–72.
[42] B. Garrod, J.C. Wilson, Marine Ecotourism: Issues and Experiences, Channel View
Publications, Cleveland, 2003, p. 266.
[43] M.L. Miller, The rise of coastal and marine tourism, Ocean Coast. Manag. 20 (3)
(1993) 181–199.
[44] J.E.S. Higham, M. Luck, Marine wildlife and tourism management: In search of
scientiﬁc approaches to sustainability, in: J.E.S. Higham, M. Luck (Eds.), Marine
Wildlife and Tourism Management, Insights from the Natural and Social Sciences,
CAB Interaction, 2008, pp. 1–16.
[45] W. Gladstone, B. Curley, M.R. Shokri, Environmental impacts of tourism in the
Gulf and the Red Sea, Mar. Pollut. Bull. 72 (2) (2013) 375–388.
[46] D. Sánchez-Quiles, A. Tovar-Sánchez, Are sunscreens a new environmental risk
associated with coastal tourism? Environ. Int. 83 (2015) 158–170.
[47] R. Watson, D. Pauly, Systematic distortions in world ﬁsheries catch trends, Nature
414 (6863) (2001) 534–536.
[48] B. Worm, R. Hilborn, J.K. Baum, T.A. Branch, J.S. Collie, C. Costello, M.J. Fogarty,
E.A. Fulton, J.A. Hutchings, S. Jennings, O.P. Jensen, H.K. Lotze, P.M. Mace,
T.R. McClanahan, C. Minto, S.R. Palumbi, A.M. Parma, D. Ricard, A.A. Rosenberg,
R. Watson, D. Zeller, Rebuilding global ﬁsheries, Science 325 (5940) (2009)
578–585.
[49] C. Costello, D. Ovando, T. Clavelle, C.K. Strauss, R. Hilborn, M.C. Melnychuk,
T.A. Branch, S.D. Gaines, C.S. Szuwalski, R.B. Cabral, D.N. Rader, A. Leland,
Global ﬁshery prospects under contrasting management regimes, Proc. Natl. Acad.
Sci. 113 (18) (2016) 5125–5129.
[50] R. Hilborn, C. Costello, The potential for blue growth in marine ﬁsh yield, proﬁt
and abundance of ﬁsh in the ocean, Mar. Policy (2017).
[51] V.W.Y. Lam, W.W.L. Cheung, G. Reygondeau, U.R. Sumaila, Projected change in
global ﬁsheries revenues under climate change, Sci. Rep. 6 (2016) 32607.
[52] J.C. Seijo, O. Defeo, S. Salas, Fisheries bioeconomics. Theory, modelling and
management (FAO Fisheries Technical Paper), United Nations Food and
Agriculture Organization, Rome, 1998, p. 108.
[53] J.G. Speight, Handbook of Oﬀshore Oil and Gas Engineering, Gulf Professional
Publishing, (2014).
[54] international Energy Agency, World energy outlook 2016, International Energy
Agency, p. 684.
[55] E.F. May, K.N. Marsh, A.R.H. Goodwin, Frontier oil and gas: deep-water and the
Arctic, in: T.M. Letcher (Ed.), Future Energy, Elsevier, 2014, pp. 75–83.
[56] S. Kark, E. Brokovich, T. Mazor, N. Levin, Emerging conservation challenges and
prospects in an era of oﬀshore hydrocarbon exploration and exploitation, Conserv.
Biol. 29 (6) (2015) 1573–1585.
[57] J.W. Doerﬀer, Oil Spill Response in the Marine Environment, Elsevier, 2013.
[58] K. Andersson, S. Brynolf, J.F. Lindgren, M. Wilewska-Bien, Shipping and the
Environment, Springer, 2016, p. 426.
[59] J. Tournadre, Anthropogenic pressure on the open ocean: the growth of ship traﬃc
revealed by altimeter data analysis, Geophys. Res. Lett. 41 (22) (2014)
7924–7932.
[60] UNCTAD, Reivew of maritime transport 2015, United Nations Conference on
Trade and Development, 2015, p. 122.
[61] H. Seebens, M.T. Gastner, B. Blasius, The risk of marine bioinvasion caused by
global shipping, Ecol. Lett. 16 (6) (2013) 782–790.
[62] H. Seebens, N. Schwartz, P.J. Schupp, B. Blasius, Predicting the spread of marine
species introduced by global shipping, Proc. Natl. Acad. Sci. 113 (20) (2016)
5646–5651.
[63] P. Glavič, R. Lukman, Review of sustainability terms and their deﬁnitions, J.
Clean. Prod. 15 (18) (2007) 1875–1885.
[64] S.A. Levin, The Princeton Guide to Ecology, Princeton University Press, 2009, p.
810.
[65] S.H. Levine, Comparing products and production in ecological and industrial
systems, J. Ind. Ecol. 7 (2) (2003) 33–42.
[66] I. Morales-Castilla, M.G. Matias, D. Gravel, M.B. Araújo, Inferring biotic interac-
tions from proxies, Trends Ecol. Evol. 30 (6) (2015) 347–356.
[67] B. Zanuttigh, E. Angelelli, A. Kortenhaus, K. Koca, Y. Krontira, P. Koundouri, A
methodology for multi-criteria design of multi-use oﬀshore platforms for marine
renewable energy harvesting, Renew. Energy 85 (2016) 1271–1289.
[68] P. Koundouri, A. Giannouli, I. Souliotis, An Integrated Approach for Sustainable
Environmental and Socio-Economic Development Using Oﬀshore Infrastructure,
in: M.M. Erdogdu, T. Arun, I.H. Ahmad (Eds.), Handbook of Research on Green
Economic Development Initiatives and Strategies, IGI Global, 2016, pp. 44–64.
[69] M. Stuiver, K. Soma, P. Koundouri, S. van den Burg, A. Gerritsen, T. Harkamp,
N. Dalsgaard, F. Zagonari, R. Guanche, J.-J. Schouten, S. Hommes, A. Giannouli,
T. Söderqvist, L. Rosen, R. Garção, J. Norrman, C. Röckmann, M. de Bel,
B. Zanuttigh, O. Petersen, F. Møhlenberg, The governance of multi-use platforms
at sea for energy production and aquaculture: challenges for policy makers in
European seas, Sustainability 8 (4) (2016).
[70] B.H. Buck, G. Krause, H. Rosenthal, Extensive open ocean aquaculture develop-
ment within wind farms in Germany: the prospect of oﬀshore co-management and
legal constraints, Ocean Coast. Manag. 47 (3–4) (2004) 95–122.
[71] B. Zanuttigh, E. Angelelli, G. Bellotti, A. Romano, Y. Krontira, D. Troianos,
R. Suﬀredini, G. Franceschi, M. Cantù, L. Airoldi, F. Zagonari, A. Taramelli,
F. Filipponi, C. Jimenez, M. Evriviadou, S. Broszeit, Boosting blue growth in a mild
sea: analysis of the synergies produced by a multi-purpose oﬀshore installation in
the Northern Adriatic, Italy, Sustainability 7 (6) (2015).
[72] J.F. Chozas, M.A. Stefanovich, H.C. Sørensen, Toward best practices for public
acceptability in wave energy: Whom, when and how to address, Proceedings of the
3rd International Conference on Ocean Energy, 6 October, Bilbao 1-8, 2010.
[73] R. Gramling, W.R. Freudenburg, Attitudes toward oﬀshore oil development: a
summary of current evidence, Ocean Coast. Manag. 49 (7–8) (2006) 442–461.
[74] J.T. Le, L.A. Levin, R.T. Carson, Incorporating ecosystem services into environ-
mental management of deep-seabed mining, Deep Sea Research Part II: Topical
Studies in Oceanography, 2016.
[75] H.G. Knight, Shipping safety fairways: conﬂict amelioration in the Gulf of Mexico,
J. Marit. Law Commer. 1 (1) (1969) 1–20.
[76] U.R. Sumaila, Andrés M. Cisneros-Montemayor, A. Dyck, L. Huang, W. Cheung,
J. Jacquet, K. Kleisner, V. Lam, A. McCrea-Strub, W. Swartz, R. Watson, D. Zeller,
D. Pauly, Impact of the deepwater horizon well blowout on the economics of US
Gulf ﬁsheries, Can. J. Fish. Aquat. Sci. 69 (3) (2012) 499–510.
[77] D.H. Klinger, M. Turnipseed, J.L. Anderson, F. Asche, L.B. Crowder,
A.G. Guttormsen, B.S. Halpern, M.I. O'Connor, R. Sagarin, K.A. Selkoe,
G.G. Shester, M.D. Smith, P. Tyedmers, Moving beyond the ﬁshed or farmed di-
chotomy, Mar. Policy 38 (2013) 369–374.
[78] P. Arbo, P.T.T. Thủy, Use conﬂicts in marine ecosystem-based management–the
case of oil versus ﬁsheries, Ocean Coast. Manag. 122 (2016) 77–86.
[79] I. Ertör, M. Ortega-Cerdà, Political lessons from early warnings: marine ﬁnﬁsh
aquaculture conﬂicts in Europe, Mar. Policy 51 (2015) 202–210.
[80] K. Suryanata, K.N. Umemoto, Tension at the nexus of the global and local: culture,
property, and marine aquaculture in Hawai'i, Environ. Plan. A 35 (2) (2003)
199–213.
[81] J. Firestone, C.L. Archer, M.P. Gardner, J.A. Madsen, A.K. Prasad, D.E. Veron,
Opinion: the time has come for oﬀshore wind power in the United States, Proc.
Natl. Acad. Sci. 112 (39) (2015) 11985–11988.
[82] T. Börger, T.L. Hooper, M.C. Austen, Valuation of ecological and amenity impacts
of an oﬀshore windfarm as a factor in marine planning, Environ. Sci. Policy 54
(2015) 126–133.
[83] T. Hooper, M. Ashley, M. Austen, Perceptions of ﬁshers and developers on the co-
location of oﬀshore wind farms and decapod ﬁsheries in the UK, Mar. Policy 61
(2015) 16–22.
[84] C. McLachlan, ‘You don’t do a chemistry experiment in your best china’: symbolic
interpretations of place and technology in a wave energy case, Energy Policy 37
(12) (2009) 5342–5350.
[85] I. Bailey, J. West, I. Whitehead, Out of sight but not out of mind? Public percep-
tions of wave energy, J. Environ. Policy Plan. 13 (2) (2011) 139–157.
[86] R. Costanza, R. d'Arge, R. de Groot, S. Farber, M. Grasso, B. Hannon, K. Limburg,
S. Naeem, R.V. O'Neill, J. Paruelo, R.G. Raskin, P. Sutton, M. van den Belt, The
value of the world's ecosystem services and natural capital, Nature 387 (6630)
(1997) 253–260.
[87] MEA, Ecosystems and Human Well-being, Synthesis, Island Press, Washington, DC,
2005.
[88] C. Hattam, A. Böhnke-Henrichs, T. Börger, D. Burdon, M. Hadjimichael,
A. Delaney, J.P. Atkins, S. Garrard, M.C. Austen, Integrating methods for eco-
system service assessment and valuation: mixed methods or mixed messages? Ecol.
Econ. 120 (2015) 126–138.
[89] A. Böhnke-Henrichs, C. Baulcomb, R. Koss, S.S. Hussain, R.S. de Groot, Typology
and indicators of ecosystem services for marine spatial planning and management,
J. Environ. Manag. 130 (2013) 135–145.
[90] D.J. McCauley, P. Woods, B. Sullivan, B. Bergman, C. Jablonicky, A. Roan,
M. Hirshﬁeld, K. Boerder, B. Worm, Ending hide and seek at sea, Science 351
(6278) (2016) 1148–1150.
[91] M.C. Domingo, An overview of the internet of underwater things, J. Netw.
Comput. Appl. 35 (6) (2012) 1879–1890.
[92] D.C. Dunn, S.M. Maxwell, A.M. Boustany, P.N. Halpin, Dynamic ocean manage-
ment increases the eﬃciency and eﬃcacy of ﬁsheries management, Proc. Natl.
Acad. Sci. 113 (3) (2016) 668–673.
[93] D. Pearce, An intellectual history of environmental economics, Annu. Rev. Energy
Environ. 27 (1) (2002) 57–81.
[94] T.C. Haab, K.E. McConnell, Valuing Environmental and Natural Resources: The
Econometrics of Non-Market Valuation, Edward Elgar Publishing Limited, 2002.
[95] J. Bennett, The International Handbook of Non-market Environmental Valuation,
Edward Elgar Publishing Limited, 2011, p. 397.
[96] E. Domínguez-Tejo, G. Metternicht, E. Johnston, L. Hedge, Marine spatial planning
advancing the ecosystem-based approach to coastal zone management: a review,
Mar. Policy 72 (2016) 115–130.
[97] UNEP-WCMC, IUCN, Protected Planet Report 2016, UNEP-WCMC and IUCN,
Gland, Switzerland, p. 73.
[98] C. White, B.S. Halpern, C.V. Kappel, Ecosystem service tradeoﬀ analysis reveals
the value of marine spatial planning for multiple ocean uses, Proc. Natl. Acad. Sci.
109 (12) (2012) 4696–4701.
[99] P.J.S. Jones, L.M. Lieberknecht, W. Qiu, Marine spatial planning in reality: in-
troduction to case studies and discussion of ﬁndings, Mar. Policy 71 (2016)
256–264.
[100] P. Dasgupta, K.G. Maler, S. Barrett, Intergenerational Equity, Social Discount
Rates, and Global Warming, in: P.R. Portney, J.P. Weyant (Eds.), Discounting and
Intergenerational Equity, Resources for the Future, Washington, DC, 1999, pp.
51–78.
[101] N. Stern, Review on the Economics of Climate Change, H.M. Treasury, UK, 2006.
[102] W.D. Nordhaus, A review of the Stern review on the economics of climate change,
J. Econ. Lit. 45 (3) (2007) 686–702.
[103] A.B. Frank, M.G. Collins, S.A. Levin, A.W. Lo, J. Ramo, U. Dieckmann,
V. Kremenyuk, A. Kryazhimskiy, J. Linnerooth-Bayer, B. Ramalingam, J.S. Roy,
D.G. Saari, S. Thurner, D. von Winterfeldt, Dealing with femtorisks in international
relations, Proc. Natl. Acad. Sci. 111 (49) (2014) 17356–17362.
D.H. Klinger et al. Marine Policy 87 (2018) 356–362
362
